Abstract: The diet composition of lizards of a given species may vary among different populations. The feeding ecology of the tropidurid lizard Tropidurus torquatus was studied in 10 coastal areas in Brazil in order to detect to what extent the diet varies along its geographic range. A non-metric multidimensional scaling technique revealed three groups of localities according to the diet composition: one characterized by a relatively high consumption of Isoptera, one characterized by a relatively high proportion of plant matter, and one in which there was a great importance of Formicidae. We found a weak pattern of latitudinal differences in restingas regarding the general consumption of items by T. torquatus, probably because this is a generalist and opportunistic lizard, which consumes most of the available types of potential food items in the habitat. However, lizards from northern populations consumed a larger quantity of smaller items (e.g., Isoptera) than those from southern populations. In the southern populations, on the other hand, larger items such as Coleoptera, Lepidoptera larvae and fruits were more frequently consumed. It is likely that the observed interpopulational variation in some aspects of the feeding ecology of coastal T. torquatus is mainly given by food availability. Resumo: A composição da dieta de lagartos de uma determinada espécie pode variar entre diferentes populações. A ecologia alimentar do lagarto tropidurídeo Tropidurus torquatus foi estudada em 10 áreas da costa do Brasil a fim de detectar em que extensão a dieta varia ao longo de sua distribuição geográfica. Uma técnica de escalonamento multidimensional não-métrico revelou três grupos de localidades de acordo com a composição da dieta: um caracterizado por um relativamente alto consumo de Isoptera, um caracterizado pela relativamente alta proporção de material vegetal, e um em que houve uma grande importância de Formicidae. Nós encontramos um fraco padrão de diferença latitudinal nas restingas em relação ao consumo geral de itens por T. torquatus, provavelmente porque este é um lagarto generalista e oportunista, que consome a maioria dos tipos disponíveis de potenciais itens alimentares no habitat. No entanto, os lagartos das populações mais ao norte consumiram uma maior quantidade de menores itens (e.g., Isoptera) do que aqueles das populações mais ao sul. Nas populações mais ao sul, por outro lado, items maiores como Coleoptera, Lepdoptera, larvas e frutos foram mais frequentemente consumidos. É provável que a variação interpopulacional observada em alguns aspectos da ecologia alimentar de T. torquatus costeiros seja ocasionada principalmente pela disponibilidade de alimento. Palavras-chave: variação geográfica, ecologia alimentar, restinga, lagarto tropical, Tropiduridae.
Introduction
Different populations of a given species can exhibit similar morphological and/or ecological characteristics independently of the variation in the environmental parameters of the localities where they occur (e.g. Niewiarowski 1994 , Mesquita & Colli 2003a . On the other hand, some lizard species have interpopulational variation in some life history characteristics that can be attributed to genetic differentiation or to local environmental variation along their geographic distribution (e.g. Ballinger 1983 , Niewiarowski 1994 . Environmental characteristics (e.g. habitat availability for shelter, thermoregulation and reproduction) and local climatic conditions can influence ecological parameters of lizard populations, resulting in differences among populations of a given species (e.g. Pianka 1970 , Vitt & Colli 1994 , Kiefer et al. 2005 . For example, the diet of a lizard can vary among different populations in relation to prey type, number and size (e.g. Parker & Pianka 1975 , Vitt & Colli 1994 , Vitt et al. 1998 . In Brazil, the teiid Ameiva ameiva eats the same general types of prey, and geographic or temporal differences in its diet results from variation in the availability of those general prey categories (Vitt & Colli 1994 ). In the teiid Aspidoscelis tigris (= Cnemidophorus tigris ; Pianka 1970 ) and the phrynosomatid Uta stansburiana (Parker & Pianka 1975 ), a latitudinal gradient in diet was reported, with populations at the southern limits of their distribution usually consuming more Isoptera.
Studies of intraspecific geographical variation have played an important role in identifying the potential ecological sources of variation, and in providing hypotheses concerning the evolution of life histories (Niewiarowski 1994) . Thus, to understand how ecological or evolutionary (genetic) factors may affect life history traits in lizards large data sets are needed. The tropidurid lizard Tropidurus torquatus is widely distributed in South America, from central 15' S and 40° 58' W), and the remaining five areas were located in Rio de Janeiro state: Grussaí (21° 44' S and 41° 02' W), Jurubatiba (22° 17' S and 41° 41' W), Massambaba (22° 56' S and 42° 12' W) , Barra de Maricá (22° 57' S and 42° 50' W) and Grumari (23° 05' S and 43° 30' W) . These localities comprise a representative sample of the distribution of T. torquatus in coastal areas.
Restingas are Quaternary habitats characterized by sandy soils with high salt concentration and a predominance of herbaceous and shrubby vegetation (Suguio & Tessler1984) . They occur along most of the Brazilian coast and are part of the Atlantic Forest Biome (Suguio & Tessler 1984) . In general, restingas have a rainy season from December to March and a dry season from May to September (Nimer 1979) . Mean annual temperatures average 23ºC and mean annual rainfall ranges from 1000 to 1350 mm (Nimer 1979) .
Methodology and analyzes
Lizards were collected during the same wet season (springsummer), from November 1999 to March 2000, to factor out possible effects due to seasonality. Each restinga was sampled once, during 3-4 days and lizards were captured with pellet rifles, rubber bands or nooses; the specimens that were caught alive were killed with ether. The snout-vent length (SVL) and the jaw width (JW) of lizards were measured with a digital caliper (General ® , USA, New York; precision of 0.1 mm). After all measurements were taken, lizards were fixed in 10% formalin in the field, and later preserved in 70% alcohol. Lizards were dissected and their gonads were examined for sex identification.
Diet composition was analyzed in terms of number, volume (mm 3 ) and frequency of occurrence (proportion of stomachs containing a given food category) of items found in the stomachs. Invertebrate preys were identified to Order (except for ants, identified to family) and vertebrates were identified to species. Insects also were categorized as larvae/adult. Plant material found was classified as flowers, fruits, seeds or leaves. Unidentified arthropod remains (URA) were considered only for volumetric analysis. We measured length and width of each prey item with a digital caliper (precision of 0.1 mm) and estimated the volume (in mm 3 ) using the formula for an ellipsoid (Dunham 1983) . We measured leaf volume by multiplying their three dimensions (length, width and depth) (Schoener 1967 ). An Index of Relative Importance (Ix, presented in %) of each prey type in the diet of each population was estimated by the sum of the percentages of number (%N), volume (%V) and frequency of occurrence (%F) divided by three (Howard et al. 1999) .
At each restinga, potential T. torquatus prey was sampled to evaluate the relationship between prey consumption by lizards and prey availability in the environment. At each locality we put 30 plastic vials (300 ml) containing water and liquid soap, buried on the ground along a 150 m transect. We set two traps in 15 points distant 10 m from each other, one trap at each side of the transect. The traps remained open for eight hours per day, for one or two days in each area, depending on the climatic conditions (when it rained, the traps were removed). All invertebrates sampled were fixed in 70% alcohol, identified and counted.
For statistical analysis, volume values were transformed in log. To compare the diet composition between sexes, we correlated the diet of males and females in terms of numeric proportion of items consumed by each sex using Spearman Rank Correlation (Zar 1999) . To test if there were local differences between sexes in number and in volume of largest food items per stomach, we performed an Analysis of Variance (ANOVA) (Zar 1999) . To summarize the differences in the diet among populations, food items consumed by T. torquatus in each restinga were examined using non-metric multidimensional scaling (NMDS) technique, based on a Bray-Curtis similarity matrix (McCune & Grace 2002) . The index of similarity was calculated based on the Ix value because, as it combines %N, %V and %F for each food item, it provides more complete information about the diet of the lizards. For this analysis, we only considered those food items with Ix > 5% of the diet in at least one population. This ordination technique compares mean rank of dissimilarities of samples within and among groups and does not make the assumption that data are normally distributed or that variances or covariances are equal (McCune & Grace 2002) . The final stress coefficient provides a measure of goodness-of-fit of the regression; stress values larger than 0.20 cannot be interpreted reliably.
For each population we calculated the numeric proportions of each prey category for pooled stomachs and for individual lizards. From these proportions, we calculated niche breadths (B = 1/Σ p i 2 ) for pooled stomachs and for each individual, using the inverse of Simpson's diversity index (Simpson 1949) . Because not all food categories were represented in each population studied, we adjusted niche breadths by dividing each value (B) by its corresponding number of food categories. We compared the niche breadths among populations through Analyses of Variance (ANOVA) followed by Scheffé post-hoc test (Zar 1999) . We also calculated the niche overlap in diet composition using the equation (Pianka 1973) , where P represents the proportion of the food category, and j and k represent the pair of populations compared. We related the niche overlap values (arcsine transformed) between pairs of populations and the distance (in km) between the respective localities using Regression Analysis (Zar 1999) .
The number and the volume of the largest item consumed by lizards were compared among all T. torquatus populations through ANOVA, and a Scheffé post-hoc test (Zar 1999) . To evaluate whether lizard body size and jaw width influence the number and volume of largest food items ingested, we performed Simple Regression Analysis between the number of food items per stomach and the snout-vent length (SVL) of lizards and between the volume of the largest item per stomach and lizard jaw width (JW) for each population (Zar 1999) . The same analysis was done to evaluate in which extent the variation in the mean number of food item and in the mean volume of largest food item is explained by the mean body size and mean lizard jaw width, respectively, along the coastal T. torquatus populations (Zar 1999) . Spearman Rank Correlation was used to test the relationship among the numeric proportion of food items (excluding plant material) consumed by T. torquatus and the numeric proportion of available prey in the habitat (Zar 1999) . We used significance level of 0.05. All statistical analyses were performed in SYSTAT 11 software. Descriptive statistics are represented in the text as mean ± 1 SD.
Results
We analyzed 601 individuals of Tropidurus torquatus, varying from 23 in Grumari to 105 in Prado (Tables 1, 2 ). Almost all lizards had some food in their stomachs, except for eight (1.3% of the total sample): one from Prado (0.9% of the population sample), four from Setiba (4%), one from Massambaba (1.7%), one from Maricá (2.7%) and one from Grumari (4.2%).
The diet of T. torquatus was composed of arthropods (mainly insects), mollusks and plant material (Tables 1, 2 ). In nine populations, the diet was predominantly insectivorous, whereas in Maricá lizards consumed a high degree of plant material. Formicidae and Isoptera were the most numerous items in the diet in all populations. Considering the volumetric proportion in the diet, Formicidae (Praia das Neves, Grussaí and Grumari), Isoptera (Trancoso, Prado and Setiba), Coleoptera (Guriri), fruits (Massambaba and Maricá) and flowers (Jurubatiba) were the dominant items. Formicidae was the Biota Neotrop., vol. 13, no. 3 most frequent item in the diet of overall populations and the main prey (Ix) in the diet of most populations (Tables 1, 2 ). In three restinga areas, adult males T. torquatus consumed vertebrates (juvenile lizards of three species and an adult female treefrog) (Tables 1, 2) . Because we found a significant association between males and females in diet composition (except for Grussaí, P > 0.05), and we found a lack of differences in mean volume (except for Guriri, P < 0.05) and mean number of food items, we analyzed both sexes pooled. The NMDS revealed a particular pattern in the diet in relation to the Index of Importance (Ix) among populations of T. torquatus (Figure 2 ) and yielded a stress coefficient of 0.127, indicating that the ordination plot could be reliably interpreted. Restingas of Trancoso, Prado and Setiba clustered in one simple group. Populations of Jurubatiba, Massambaba and Maricá formed another group while Praia das Neves, Grussaí and Grumari also tended to cluster together (Figure 2) .
We found the highest value of niche breadth for pooled stomachs in Guriri (Table 3) . We found a significant difference (F 9,572 = 7.115; P < 0.001) in the niche breadth of the individuals among populations of T. torquatus (Table 3 ), but differences were detected among the population of Trancoso and Jurubatiba and Massambaba, among Grumari and Trancoso, Prado and Setiba, and between Prado and Massambaba (P < 0.05). We did not find a significant relationship in niche overlap values between pairs of populations (Table 4) and distance between the respective localities (R 2 = 0.03; F 1,43 = 1.34; P = 0.25).
The mean number of items per stomach varied significantly (F 9,580 = 14.20; P < 0.01) among populations ( Table 5 ). The differences occurred mainly between Praia das Neves and those populations to the north, and between Prado and some southern populations (Table 6 ). Mean volume of the largest items per stomach consumed by T. torquatus also varied significantly (F 9,577 = 7.55; P < 0.01) among populations (Table 5 ). The differences occurred between Jurubatiba and northern populations (Table 6 ). In general, lizards from the northern populations (states of Bahia and Espírito Santo) consumed more items than those from the southern ones (state of Rio de Janeiro). In contrast, the mean volume of the consumed food items was generally smaller in the northern populations when compared to those of the south (Table 5) .
The mean number of items per stomach was not significantly related to lizard SVL in most populations (P > 0.05), except Praia das Neves (R 2 = 0.08; F 1,69 = 6.40; P < 0.05) and Massambaba (R 2 = 0.08; F 1,51 = 4.68; P < 0.05). Mean volume of the largest item per stomach consumed by lizards was significantly related to lizard JW in all populations (Regression Analysis, P < 0.01). The mean number of food items and the mean volume of the largest items per stomach were not significantly related, respectively, to mean SVL (R 2 = 0.03; There was no significant relationship between diet composition of T. torquatus and food availability in the habitat, except for Maricá population (r s = 0.63; N = 21; P < 0.01).
Discussion
Diet composition of Tropidurus torquatus of the coastal populations studied was, in general, composed mainly by arthropods, but included high counts of plant material (see Siqueira et al. 2011 ). This result is similar to those reported for other T. torquatus populations (e.g. Alvarez et al. 1985 , Fialho et al. 2000 , Rocha et al. 2002 , Dutra et al. 2011 ) and also for various congeneric species (e.g. Vitt 1991 , Colli et al. 1992 , Van Sluys 1993 , Mesquita et al. 2006 , Rocha & Siqueira 2008 . We recorded a differential consumption of plant material (mainly fruits and flowers) by the lizards in three localities (Maricá, Massambaba and Jurubatiba). Fialho et al. (2000) also found a great volume of fruits in the diet of T. torquatus in Maricá, consumed mainly by adult lizards. In this study, however, we cannot attribute the differences in plant consumption among populations to the presence of juvenile lizards in the samples. Smaller volumes of plant material consumed by lizards were recorded in Praia das Neves and Setiba, for which samples had 10% and 18% of juveniles, respectively; whereas lizards from Maricá and Massambaba consumed the highest volumes of plant material and had similar or higher proportions of juveniles in the samples (20 and 44%, respectively).
The NMDS tended to form three groups of localities. In Trancoso, Prado and Setiba, lizards consumed a relatively higher amount of Isoptera that probably contributed to their clustering in the analysis.
Another group, formed by populations of Jurubatiba, Massambaba and Maricá, was characterized by a relatively high proportion of plant matter in the diet compared to the other populations. We can attribute the clustering of the third group (formed by Praia das Neves, Grussaí and Grumari) to the great importance of Formicidae in the diet of these populations.
We did not find a clear pattern of latitudinal difference in restingas regarding the general consumption of items by T. torquatus, probably because this is a generalist and opportunistic lizard, that consumes most of the available types of prey items in the habitat (Fialho et al. 2000) . However, lizards consumed Isoptera in large proportions (> 30% in volume) in three areas (Trancoso, Setiba and Prado) located to the central-northern portion of the species' range along the coast. Isoptera has already been found in relatively high frequencies in previous studies about feeding habits of T. torquatus (e.g. Fialho et al. 2000) and constitute a food item with a great relative amount of water, which can contribute to the water balance of these lizards (Nagy et al. 1984) . Although there was an apparent tendency of larger consumption of Isoptera by individuals from northern populations, the reasons for this are still unclear and deserve further investigation. Possibly, colonies of Isoptera are more abundant in the northern restingas than in the southern ones. Variation among populations in the consumption of Isoptera has also been recorded for .2) Guriri 52. 5 ± 67.0 (8-347) 244.3 ± 280.7 (0.8-886 .2) Setiba 41.5 ± 51.6 (2-284) 125.5 ± 358.4 (1.0-3248.4) Praia das Neves 17. 5 ± 22.4 (1-155) 102.4 ± 201.5 (0.5-1191 .4) Grussaí 28.6 ± 20.5 (2-76) 109.7 ± 113.4 (11.9-457.4) Jurubatiba 25.7 ± 46.3 (4-337) 246.7 ± 303.5 (4.8-1833 Biota Neotrop., vol. 13, no. 3 the teiid lizard Cnemidophorus ocellifer (an active forager that feeds on clumped prey) and was attributed to geographical distribution in the availability of this item in the Central Brazilian Cerrado (Mesquita & Colli 2003b ). In the teiid Aspidoscelis tigris (Pianka 1970 ) and the phrynosomatid Uta stansburiana (Parker & Pianka 1975 ) a latitudinal variation was observed in diet composition along their range, with individuals from the southernmost populations ingesting Isoptera in higher numbers than the northernmost ones, probably as result of the differences in food availability among localities. The number and the mean volume of food items in the stomachs of T. torquatus varied considerably among the coastal populations. In general, lizards from northern populations consumed more and smaller items than those from southern populations, probably as a number/volume trade off that leads to an evenly energetically balanced diet. These geographic differences probably result from the greater ingestion of small items, such as Isoptera, by individuals of the northern populations. In the southern populations, on the other hand, larger items such as Coleoptera, Lepidoptera larvae and fruits were more frequently consumed. Due to the relatively larger size of these items, it is expected that they will be consumed. However, if large food items are energetically advantageous, the abundant, small and spatially clumped ones, such as Formicidae and Isoptera, also favor a positive energy balance due to the low energy costs associated to their location, capture and ingestion (Schoener 1971) . We recorded that lizards from southern populations had broader niches than those from northern populations indicating that they are consuming a wider variety of food types.
In each population studied, lizard mouth size influenced the largest volume of items consumed, indicating that adult T. torquatus consumed larger prey than did juveniles. In order to be advantageous for a lizard, a prey must contain more energy than is spent with its capture and ingestion (Schoener 1971) . Thus, the consumption of large prey by adult lizards is not only feasible but also advantageous in terms of energy gain, although some large lizards may also consume small, abundant available preys in the habitat due to the low energy costs associated to their capture and ingestion (e.g. De Marco et al. 1985 , Van Sluys 1993 . Despite the lack of a significant result between mean volume of the largest food item and the mean lizard jaw width along the coastal populations, there was a tendency of populations with a small mean jaw width to have preys with lower mean volumes when compared to populations with lizards with wider jaws (see Figure 3) .
We did not find a significant relationship between prey consumption by lizards and the availability of arthropods. This can be partially explained by two reasons. First, small arthropods such as Collembola and Acari were numerous in the samplings, but little consumed by lizards. Second, some sedentary prey may not be properly sampled in the traps used, either due to their restricted displacement abilities (larvae) or their behavior of aggregation in colonies (Isoptera), whereas the lizards may consume them in relatively large proportions. For example, coleopteran larvae are dug out by lizards, but they will barely be captured by traps.
Changes in environment temperatures influence the occurrence of geographical variation among populations of Tropidurus torquatus both in body temperature (Kiefer et al. 2005 ) and in their thermoregulatory behavior (Kiefer et al. 2007) . At lower taxonomic level (e.g. species), adaptations to local environmental factors can play a major role in determining life-history traits of neotropical lizards (Colli 1991) . Tropidurids from neotropical savannas were more affected by ecological factors than other lineages (Mesquita et al. 2007) , at least on diet composition, thus stressing the importance of local conditions in determining dietary patterns. We believe that the observed interpopulational variation in some aspects of the feeding ecology of coastal T. torquatus (including plant consumption; Siqueira et al. 2011 ) results from local environmental factors, mainly the availability of food items.
